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© Curable resin compositions and semiconductor devices coated and sealed with the same. 

© A thermosetting resin composition comprising at least a cycloaliphatic ether oligomer represented by the 
general formula (I): 
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wher in m and n are each 0 to 30 and 2<m + n£30, and a p-hydroxylstyrene polymer or copolymer 
represented by the general formula (III): 
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(III) 



OH 



wherein y is H, NH 2 , S0 3 H, Br or CI and r is 5 to 300. 
The thermosetting resin composition is suitable for coating and sealing semiconductor device and improves heat 
resistance, humidity resistance and migration resistance of the semiconductor device coated and sealed thereby. 
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The present invention relates to curable resin compositions. A preferred embodiment is a thermo and/or 
light curable resin composition which is excellent in heat resistance, humidity resistance and moldability 
and contains a reduced amount of ionic impurities. The invention also relates to a semiconductor device 
coated and sealed with the resin composition. 

In the field of electrical apparatus, electronic parts and the like, reduction in size and weight, 
enhancement in performance and reliability and diversification of function are currently required. Therefore, 
a resin system which is excellent in heat resistance, humidity resistance, electrical insulation properties, 
adhesion properties, weathering resistance and moldability and contains a reduced amount of ionic 
impurities has been highly desired as an insulation material, laminating material, sealing material, coating 
material, adhesive or varnish for such apparatus or parts. Since the use environment of a resin-sealed 
semiconductor device has become more severe with enlarging fields of application thereof, the performance 
and reliability of the device is highly dependent upon the characteristics of a coating or sealing material 
used for protection and insulation of a semiconductor element. 

Up to this time, an epoxy resin composition has been used as the insulating, laminating, coating or 
sealing material. An epoxy resin which is now generally used is prepared by the reaction of epichlorohydrin 
with bisphenol A or phenolic novolak. However, the former has problems in heat resistance and electrical 
characteristics, while the latter contains several tens of ppm of ionic chlorine, so that it has a problem that 
metallic wires on an LSI element tend to corrode, thus resulting in breakage. 

Although a cycloaliphatic epoxy resin is known as an epoxy resin which is excellent in heat resistance 
and electrical characteristics, free from ionic chlorine and is generally cured with a carboxylic acid 
anhydride under heating, it is highly toxic and exhibits a poor reactivity, so that it is applied only to a limited 
field such as varnish. 

The above epoxy resin compositions of the prior art have each both advantages and disadvantages and 
do not sufficiently satisfy the above demand that heat resistance, humidity resistance, electrical insulation 
properties, adhesion properties, weathering resistance and moldability be all excellent and the content of 
ionic impurities be low. 

The present invention has been accomplished under these circumstances. It is desirable to provide a 
curable resin composition excellent in heat resistance, humidity resistance, electrical insulation properties, 
adhesion properties, weathering resistance, moldability and migration resistance, and containing a reduced 
amount of ionic impurities. 

It is also desirable to provide a semiconductor device sealed with this resin composition. 

The first aspect of the present invention resides in a curable resin composition comprising at least a 
cycloaliphatic ether oligomer represented by the general formula (I): 




wherein m and n are each 0 to 30 and 2<m + n£30, and a crosslinking agent, wherein the crosslinking 
agent is selected from: 

a phenolic resin represented by the general formula (II): 
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wherein Xi and X2 may be the same or different from each other and each stands for H, CH 3 , C(CH 3 )3, 
OH, NH2, COOH, SH, SO3H, CH 2 OH, Br, CI, 



5 




10 

(wherein R1 and R 2 are H, CH 3 or CF 3 ) and p and q are each 0 to 10 and 1<p + q^10; 
a p-hydroxylstyrene polymer or copolymer represented by the general formula (III): 




(III) 



OH 



25 wherein y is H, NH 2 , S0 3 H, Br or CI and r is 5 to 300; 

a compound having at least one N-substituted maleimide bonding or a Diels-Alder adduct thereof; 
a compound having at least one allyl or propenyl group and at least one hydroxyl group; or 
2,4-diamino-6-vinyl-s-triazine. 

The second aspect of the present invention resides in a semiconductor device obtained by coating and 
30 sealing at least a part of a semiconductor element and a lead wire with the curable resin composition 
explained above. Preferably the curable resin composition comprises at least a cycloaliphatic ether oligomer 
represented by the general formula (I): 



35 



40 




wherein m and n are each 0 to 30 and 2<m + n£30, and a crosslinking agent of 2,6-diamino-6-vinyl-s- 
45 triazine. 

The cycloaliphatic ether oligomer represented by the general formula (I) to be used in the present 
invention may be prepared by a process described in Japanese Patent Laid-Open Nos. 161939/1985, 
166675/1985, 170620/1985 and US Patent No. 4,565,859. 

For example, a cycloaliphatic ether oligomer represented by the general formula: 

50 



55 
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is prepared by reacting 1 mol of methanol with 7 mol of vinylcyclohexane monoepoxide in the presence of 
BF 3 0(C 2 H 5 ) catalyst at 60 °C for 12 hours. 

Alternatively, a cycloaliphatic allyl vinyl ether oligomer represented by the general formula: 

75 




is prepared by reacting 1 mol of allyl alcohol with 3 mol of vinylcyclohexene monoxide under substantially 
the same condition as the one described above. 

The above cycloaliphatic ether oligomer, a cyclohexene oxide polymer having pendant vinyl groups, is 
converted to an epoxy resin through the peracetic acid process using peracid or hydroperoxide under the 
30 presence of an alkali or acid catalyst. 

Some of the oligomers are commercially available as a product of Daicel Chemical Industries Ltd. 
Examples thereof are as follows: 
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40 



45 



50 




EHPE-3156 m.p.;63°C, epoxy eq; 258 

55 

The EHPE-3150 and EHPE-3156 group epoxy compounds are free from ionic chlorine and are more 
excellent in reactivity and heat resistance than the cycloaliphatic epoxy compounds of the prior art. 
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Examples of phenolic resin crosslinking agents represented by the genera! formula (II): 
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wherein Xi and X2 may be the same or different from each other and each stands for H, CH3, C(CH 3 ) 3 , 
OH, NH 2l COOH, SH, S0 3 H, CH 2 OH, Br, CI, 

75 




(wherein R1 and R 2 are H, CH 3 or CF 3 ) and p and q are 0 to 10 and 1<p + q£10, 
are condensates prepared by condensing phenol, o-cresol, biphenol, bisphenol F, bisphenol A or 
25 trifluoromethylbisphenol A with formaldehyde in the presence of an acid catalyst such as hydrochloric or 
oxalic acid. The above phenolic resin may be modified with melamine, urea, resorcinol, catechol or 
hydroquinone. Particularly, a condensate of biphenol with formaldehyde is effective in imparting heat 
resistance. 

Examples of p-hydroxylstyrene polymer or copolymer crosslinking agents represented by the general 
30 formula (III): 
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40 




(III) 



wherein y is H, NH 2 , S0 3 H, Br or CI and r is 5 to 300, 
are p-hydroxylstyrene polymer (for example, ones having a number-average molecular weight of 800 to 
20,000 are commercially available as a product of Maruzen Petrochemical Co. Ltd., M-Resin or MB-Resin), 
45 4-hydroxy-4'-biphenylvinyl polymer and copolymers of p-hydroxylstyrene or 4-hydroxy-4'-biphenylvinyl with 
styrene, maleic acid, butadiene or maleimide. 

Examples of compounds having at least one N-substituted maleimide bonding or a Diels-Alder adduct 
thereof useful as crosslinking agents are N-substituted phenylmaleimide and compounds represented by 
the formula: 

so 



55 
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wherein R stands for an alkylene or arylene group or bivalent organic groups substituted thereby, 
examples of the latter compounds include N.N'-ethylenebismaleimide, N.N'-hexamethyl nebismaleimide, 
N.N'-dodecamethylenebismaleimide, N.N'-m-phenylenebismaleimide, N,N , -4,4 , -diphenyl ether bismaleimid , 
N.N'-M'-diphenylmethane bismaleimide, N.N'^'-dicyclohexylmethane bismaleimide, N.N'^'-m-xylene 
5 bismaleimide, N,r\r-4,4'-diphenylcyclohexane bismaleimide and N,N , -2,2-bis[4-(4-aminophenoxy)phenyl] 
propane bismaleimide. A mixture of two or more of these compounds may be also used. Further, a mixture 
of the above N.N'-substiuted bismaleimide with mono-, tri-or tetrasubstituted maleimide may be used. 
Furthermore, adducts of the above maleimide with cyclopentadiene, furan, amine, hydroxyl or thiocol 
compound may be used. 

70 Examples of compounds having at least one ally! or propenyl group and at least one hydroxyl group 
useful as crosslinking agents are 



75 



20 and 



25 




wherein -X- is an isopropylene or methylene group, -0- or none. 
30 Particularly, the crosslinking agent which constitutes the curable resin composition for coating and 
sealing at least a part of a semiconductor element and a lead wire together with a cycloaliphatic ether 
oligomer represented by the general formula (I): 



35 



40 




wherein m and n are each 0 to 30 and 2<m + n£30, is preferably 2,4-diamino-6-vinyl-s-triazine, because 
45 it is effective in controlling both the corrosion of an aluminum wire on an LSI element and the migration of 
Cu, Ag or Au to thereby enhance the reliability of a semiconductor device. 

The curable resin composition according to the present invention may further contain a known epoxy 
resin. Examples of such an epoxy resin include compounds having two functional groups, such as diglycidyl 
ether of bisphenol A, butadiene diepoxide, 3,4-epoxy cyclohexylmethyl-(3,4-epoxy) cyclohexanecarboxylate, 
50 vinylcyclohexane dioxide, 4,4'-di(1 ,2-epoxyethyl)diphenyl ether, 4,4'-(1 ,2-epoxyethyl)-biphenyl, 2,2'-bis(3,4- 
epoxycyclohexyl)propane, glycidyl ether of resorcinol, diglycidyl ether of phloroglucinol, diglycidyl ether of 
methylphloroglucinol, bis (2,3-epoxycyclopentyl) ether, 2«(3,4-epoxy)cyclohexane-5. 5-spiro(3,4-epoxy)- 
cyclohexane-m-dioxane, bis(3,4-epoxy-6-methylcyclo-hexyl) adipate and N,N'-m-phenylenebis (4,5-epoxy- 
1 ,2-cyclohexane)dicarboxyimide and compounds having three or more functional groups, such as triglycidyl 
55 ether of p-aminophenol, polyallyl glycidyl ther, 1 ,3,5-tri(1 ,2- poxyethyl)benzene, 2,2\ 4,4'-t traglycidox- 
ybenzophenone, tetraglycidoxytetraphenylethane, polyglycidyl ether of phenolic formaldehyde novolak, 
triglycidyl ether of glycerin and triglycidyl ether of trimethylol propane. The abov epoxy compounds can b 
used alone or as an admixture depending upon the use or the object. 
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75 



20 



The above epoxy resins are used together with a crosslink^ agent. Compounds ^useful as such a 

5225 s£ S»S» !£5JE£S E ~ ~ • r 

So^^eIITw^ Technology- (.nter Science Publishers , New York), pages 45 o 
m S Examples of the crosslinking agent include amines including aliphatic polyam.nes. aromafic 

mmmmm 

wmmmm 

tetraphenylborate, g-ethyl-^methylimidazole tetraphenylborate and 2 ethyl 1 ,4-d.metnynm 
30 f0rm T U he (l curab.e resin composition according to the present invention T^^^^SSE 

whe?oHhe P "o,e figure shows a schematic sectional view of a part of a semiconductor dev.ce. 
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Examples 1 to 6 

100 parts by weight of EHPE-3150 (a product of Daicel Chemical Industries Ltd., melting point: 71 
epoxy equivalent: 179) represented by the formula: 
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70 



or a mixture thereof with 100 parts by weight of EHPE-3156 (a product of Daicel Chemical Industries Ltd.. 
melting point: 63 • C, epoxy equivalent: 258, iodine value: 72) represented by the formula: 



75 



20 



CH=CH- 
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CH=CH 0 \ 

V 2 \ 




25 was used as a cycloaliphatic ether oligomer and a crosslinking agent and additives shown in Table 1 were 
added thereto. 

The amounts of crosslinking agents and additives are indicated in parts by weight 
The employed crosslinking agents are, condensate of bisphenol A with formalin represented by the 
formula: 

30 
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40 



45 




H 3 C-C-CH 3 



H 3 C-C-CH 3 



50 



55 



condensate of fluorinated bisphenol A with formalin (both are products of Dainippon Ink & Chemicals, Inc.); 
p-hydroxylstyrene polymer, Maruzen M Resin (molecular weight: 4800); compound having an N-substituted 
maleimide bonding, N,N-4,4'-diphenyJmethane bismaleimide (a product of Mitsui Toatsu Chemicals, Inc.); 
and phenolic novolak HP-607N (a product of Hitachi Chemical Co., Ltd.). These crosslinking agents were 
each added to the above oligomer in a given amount as indicated in Table 1 to prepare six compositions. 
Further, 2 parts by weight of triethylamine tetraphenyl-borate, a curing accelerator, 2 parts by w ight of 
epoxy-silane KBM 303, a coupling agent (a product of the Shin- tsu Chemical Co., Ltd.), 2 parts by weight 
of Hoechst wax E, a mold r leasing ag nt (a product of Hoechst Japan Co., Ltd.), 4 parts by weight of r d 
phosphorus coated with an imide of addition type, a flame retarder, a given amount of a molten quartz glass 
powder, a filler and 2 parts by weight of carbon black, a coloring material (a product of Cabot Corporation) 
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were added to each of the six compositions. 

The obtain d compositions were each kneaded by a twin roll having a diameter of 8 inch at 70 to 80 " C 
for 8 minutes and powdered coarsely to obtain compositions for the sealing of LSI. 

Each of the compositions was examined for heat resistance (glass transition temperature), high- 
5 temperature strength (flexural strength (kgf/cm 2 ) at 180'C) and storage stability at room temperature. 

Further, fifty LSI's having a memory of 256 kbit (D-RAM) were sealed with each of the compositions by 
transfer molding (180*C, 70 kgf/cm 2 and 2 minutes) to obtain resin-sealed semiconductor devices. The 
devices were examined for humidity resistance. 

The evaluation of the humidity resistance was carried out by placing the resin-sealed LSI in an 
w atmosphere supersaturated with water vapor of 2 atm and 121 *C for a given period and examining 
electrically the LSI for breakage of its aluminum wire. 
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A mixture comprising 50 parts by weight of a polyfunctional epoxy compound derived from tris- 
(hydroxyphenyl)-methane; XD-9053 (a product of Dow Chemical Co., epoxy equivalent: 225), 50 parts by 
weight of EHPE 3150, 18 parts by weight of 2,4-diarnino-6-vinyl-s-tria2ine, a crosslinking agent, 2 parts by 
weight of triphenylphosphine, a curing accelerator, 2 parts by weight of epoxysilane KBM303, a coupling 

5 agent (a product of The Shin-etsu Chemical Co., Ltd.), 4 parts by weight of red phosphorus coated with an 
imide of addition type, a flame retarder, a mold releasing agent comprising 1 part by weight of calcium 
stearate and 1 part by weight of Hoechst wax E (a product of Hoechst Japan Co., Ltd.), 75% by weight of a 
molten quartz glass powder, a filler and 2 parts by weight of carbon black, a coloring material (a product of 
Cabot Corporation) was kneaded by a twin roll having a diameter of 8 inch at 70 to 80* C for 7 minutes and 

w powdered coarsely to obtain a resin composition for sealing of a semiconductor. 

The obtained resin composition was fed in to a transfer molding machine fitted with a mold, in which 
LSI elements having a D-RAM, memory of 256 kbit were placed, at 180°Cwith 70 kgf/cm 2 for 1.5 minute. 

The obtained resin-sealed semiconductor device were placed in an atmosphere supersaturated with 
water vapor of 121 • C and 2 atm (PCT) and checked electrically after every given period. 

75 No breakage of the aluminum wire due to corrosion was observed even after 3000 hours. Further, the 
migration resistance was remarkably excellent. 

Examples 8-10 

20 250 ml of methyl ethyl ketone was placed in a 500-ml conical flask, followed by the addition of 10 parts 
by weight of EHPE3150, EHPE3156 or HPE3150 (a product of Daicel Chemical Industries Ltd.) which were 
indicated previously. 

Further, Kerimid K601 (an adduct of bismaleimide with amine, a product of Rhone-Poulenc Corp.) and, 
if necessary, an aluminum chelate coupling agent ALCH-TR (a product of Kawaken Fine Chemical Co., Ltd.) 
25 were added each in a given amount to the flask as indicated in Table 2 in parts by weight to obtain a 
coating composition. 

The obtained coating composition was dropwise applied to LSI elements (16 pin) having a D-RAM, 
memory of 256 kbit and lead wires (including a wire bonding), followed by heating at 100* C for 1 hour, at 
200 0 C for 1 hour and at 250 * C for 30 minutes, thus forming a coating film having a thickness of 30 to 60 

30 urn on the elements and the like. 

The above LSI element coated with the resin composition of the present invention were sealed with a 
conventional epoxy resin composition, which will be described below, by transfer molding (180* C, 70 
kg/cm 2 and 1.5 minute) to obtain resin-sealed semiconductor devices. With respect to each case, one 
hundred LSI's were examined for humidity resistance. The results are shown in Table 2. For comparison, 

35 the results with respect to the LSI elements coated with a resin containing no cycloaliphatic ether oligomers 
are shown in Table 2 as a Comparative Example. 
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The above indicated conventional epoxy resin composition for sealing the LSI elements was prepared 
as follows; 

A mixture comprising 100 parts by weight of a polyfunction^ epoxy compound derived from tris- 
55 (hydroxy phenyl)methane; XD-9053 (a product of Dow Ch mical Co., poxy equival nt: 225), 55 parts by 
weight of a phenolic novolak, a crosslinking agent (a product of Hitachi Chemical Co., Ltd., softening point: 
83 'C), 3 parts by weight of triethylamine tetraphenylborate TEA-K, a curing accel rator, 2 parts by weight 
of epoxysilane KBM303, a coupling agent (a product of The Shin-etsu Chemical Co., Ltd.), 5 parts by 
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weight of red phosphorus coated with an imide of addition type, a flame retarder, a mold releasing agent 
comprising 1 part by weight of calcium stearate and 1 part by weight of Hoechst wax E (a product of 
Hoechst Japan Co., Ltd.), 490 parts by weight of a molten quartz glass powder, a fill r and 2 parts by 
weight of carbon black, a coloring material (a product of Cabot Corporation) were kneaded by a twin roll 
5 having a diameter of 8 inch at 70 to 85° C for 7 minutes and powdered coarsely to obtain an objective resin 
composition for sealing the LSI elements. 

Examples 11 to 17 

10 100 parts by weight of a cycloaliphatic ether epoxy compound EHPE3150 (a product of Daicel 
Chemical Industries Ltd., epoxy equivalent: 179) was mixed with crosslinking agents such as 2,4-diamino-6- 
vinyl-s-triazine (a product of Shikoku Chemical Corporation, trade name: VT); intermolecular compound of 
VT with isocyanuric acid (a product of Shikoku Chemical Corporation, trade name: VT.ICA); 2,4-dihydrazino- 
6-methy!amino-s-triazine (a product of Nippon Hydrazine Industry Co., Ltd., trade name: 24-HT); 3,9-bis[2- 

rs (3,5-diamino-2,4,6-triazaphenyl)ethyl]-2,4,8,10-tetraoxaspiro[5,5]undecane (a product of Ajinomoto Co., Inc., 
trade name: CTU guanamine) represent by the formula: 



20 



25 



2 \ 



N 



/ 2 

C-CH 0 -CH 0 -CH Z C CH-CH.-CH--C N 

2 2 \ y \ y 2 2^ 



H 2 N 



/ 



O-CH 



CH 2 -° 



N-C 



NH, 



1,3-bis(hydrazinocaboethyl)-5-isopropylhydantoin (a product of Ajinomoto Co., Inc., trade name: Amicure Val 
DH, MW: 341, H-equivalent: 78.5, m.p.: 123 to 125* C) represented by the formula: 

30 

(CH 3 ) 2 -CH-CH O 



35 H-.NHNCCH-CH--N N-CH-CH-CNHNH- 

2 „ 2 2 x / 2 2 „ 2 

0 c o 

II 

0 

40 

Amicure SL-20DH (a product of Ajinomoto Co., Inc., MW: 370, H-equivalent: 93, m.p.: 173 to 178° C) 
represented by the formula; 



H 2 NNHCO(CH 2 )i8CONHNH 2 ; 

45 

and tetrahydrophthalic anhydride THPA, each in an amount given in Table 3 in parts by weight to obtain 
seven compositions. Further, 2.5 parts by weight of triphenylphosphine P-100, a curing accelerator, 2 parts 
by weight of epoxysilane KBM 403, a coupling agent (a product of The Shinetsu Chemical Co., Ltd.), 5 
parts by weight of red phosphorus coated with an imide of addition type, a flame retarder, a given amount 
so of a molten quartz glass powder, a filler, 2 parts by weight of carbon black, a coloring material (a product of 
Cabot Corporation) and a mold releasing agent comprising 1 part by weight of calcium stearate and 1 part 
by weight of Hoechst wax E (a product of Hoechst Japan Co., Ltd.) were added to each of the seven 
compositions. 

The obtained compositions were each kn aded by a twin roll heated at 75 to 85* C for 7 minute, cooled 
55 and powdered coarsely to obtain a resin composition for the sealing of a s miconductor. 

LSIs having a D-RAM, memory of 256 kbit were sealed with the obtained compositions under the same 
conditions as those used in Example 1 and the obtained resin-sealed LSIs wer examined for humidity 
resistance under the ame conditions as those used in Example 1 . The results ar shown in Table 3. 
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40 

Fig. shows a schematic sectional view of a part of the semiconductor device having multi wiring layers 
coated and sealed by the curable resin composition of the present invention. An Si(>2 insulating layer is 12 
formed on a silicon semiconductor substrate 10. A first aluminum wiring layer 14 with a predetermined 

45 pattern is formed on the S1O2 insulating layer 12. A first protective film 16 is formed on the first aluminum 
wiring layer 14 by applying the curable resin composition of the present invention through a spinner and 
baking at 250 *C for 60 minutes. A second aluminum wiring layer 18 with a predetermined pattern is formed 
on the first protective film 16. Predetermined portions of the first and second aluminum wiring layers 14 and 
18 are electrically connected through via holes to form a predetermined wiring circuit. The via holes are 

50 formed by applying a positive resist with a via hole patterning on the first protective layer 16, subjecting the 
positive resist to plasma etching with a reactive gas of CF4-O2 and removing the positiive resist through 
plasma asher using a reactive gas of O2. A second protective film 20 is formed on the second aluminum 
wiring layer 18 in the same manner as the first protective film 16. 

55 Claims 

1. A curable resin composition comprising at least a cycloaliphatic ether oligomer represented by the 
general formula (I): 
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wherein m and n are each 0 to 30 and 2<m + n£30, and a crosslinking agent selected from: 
a p-hydroxylstyrene polymer or copolymer represented by the general formula (HI): 




(III) 



wherein y is H, NH 2 , S03H, Br or CI and r is 5 to 300. 

2. A curable resin composition according to claim 1 , wherein said crosslinking agent of p-hydroxylstyrene 
polymer or copolymer represented by the general formula (III) is at least one selected from p- 
hydroxylstyrene polymer, 4-hydroxy-4'-biphenyivinyl polymer and copolymers of p-hydroxylstyrene or 
^hydroxy-^-biphenylvinyl with styrene, maleic acid, butadiene and maleimide. 

3. A semiconductor device obtained by coating and sealing at least a part of a semiconductor element 
and a lead wire with a thermosetting resin composition comprising at least a cycloaliphatic ether 
oligomer represented by the general formula (I): 




wherein m and n are each 0 to 30 and 2<m + n£30, and a crosslinking agent selected from: 
a p-hydroxylstyrene polymer or copolymer represented by the general formula (III): 




(III) 
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wherein y is H, NH 2f S0 3 H, Br or CI and r is 5 to 300. 



A semiconductor device obtained by coating and sealing at least a part of a semiconductor element 
and a lead wire with a curable resin composition according to any of claims 1 to 2. 
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© Curable resin compositions and semiconductor devices coated and sealed with the same. 

© A thermosetting resin composition comprising at least a cycloaliphatic ether oligomer represented by the 
general formula (I): 





(I) 



wherein m and n are each 0 to 30 and 2<m + n£30, and a P-hydroxylstyrene polymer or copolymer represented 
by the general formula (III): 
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(III) 



wherein y is H, NH 2 , S0 3 H Br or CI and r is 5 to 300. 

The thermosetting resin composition is suitable for coating and sealing semiconductor device and improves 
heat resistance, humidity resistance and migration resistance of the semiconductor device coated and sealed 
thereby. 
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